Germ cell differentiation requires a unique microenvironment created by surrounding somatic cells. In gonads of adult *Drosophila* and *C. elegans*, this environment provides the "niche" that is key to the maintenance of the germ stem cell pool^[@R1]^. A similar niche is critical for spermatogonial stem cell replication and differentiation to maintain spermatogenesis in mammals^[@R2]^. In adult mammalian ovaries, the follicle microenvironment in which the oocyte develops is the conduit for bidirectional exchange of signals with surrounding somatic cells^[@R3]^. With the possible exception of transcription in model organisms, the molecular basis for somatic/germ cell interactions is still poorly understood.

Upon signals from the soma in the ovarian follicle, fully grown mammalian oocytes reenter into the meiotic cell cycle, complete the first meiotic division, and progress to metaphase II (MII) of the second division^[@R4]^. Although these transitions still occur if oocytes are freed from surrounding somatic cells and cultured *in vitro*, it is commonly accepted that, in the absence of somatic cell contacts, oocyte fertilization and embryo development are compromised^[@R5]-[@R7]^. These defects probably arise from disruptions in the poorly-defined molecular process by which the oocyte acquires developmental competence, termed cytoplasmic maturation^[@R8]^. Nuclear transfer experiments indeed show that the defects associated with oocyte denudation and *in vitro* culture reside in the cytoplasm^[@R6]^. Since cytoplasmic maturation of the oocyte and early embryo development proceed in the absence of transcription, competence to develop as an embryo must rely upon a genome-wide program of maternal mRNA translation and degradation.

Oocyte maturation and ovulation induced by the gonadotropin LH requires activation of paracrine/autocrine signals within the follicle. In addition to the release of prostaglandins and steroids, LH induces large increases in amphiregulin (*Areg*), epiregulin (*Ereg*), and betacellulin mRNAs within 1-3 hrs of stimulation in mural granulosa cells^[@R9]^, followed by an increase in cumulus cells^[@R10]^. These growth factors bind to the EGF receptor (EGFR) on granulosa cells, and their release mediates the LH-dependent transactivation of EGFR. Genetic and pharmacological data demonstrate that activation of this EGF network is essential to transmit the gonadotropin signal from the mural granulosa cells to the cumulus cells and the oocyte, to induce oocyte maturation, cumulus expansion and ovulation^[@R11]-[@R13]^.

Translation of maternal mRNAs during oocyte maturation requires polyadenylation directed by RNA binding proteins, the prototype being the cytoplasmic polyadenylation element binding (CPEB) protein. In *Xenopus* oocytes, CPEB-mediated translation is under the control of cell cycle regulators which function in a cell-autonomous fashion^[@R14]^. Limited information is available on whether translation during the meiotic cell cycle is affected by somatic cell signals. Here we have tested the hypothesis that the environment in which oocytes complete meiosis and signals from somatic cells control translation in the oocytes. This regulation is critical for mammalian oocyte competence to develop as an embryo.

The accumulation of the spindle component TPX2 is dependent on the environment in which the oocyte matures {#S1}
==========================================================================================================

TPX2 (Targeting Protein for the *Xenopus* kinesin xklp2) is a protein essential for spindle assembly and chromosome interaction with microtubules^[@R15],\ [@R16]^. It binds and activates Aurora A by promoting its autophosphorylation^[@R17]^. TPX2 level of expression is critical for spindle function, and altered expression is associated with aneuploidy and cancer^[@R18]-[@R20]^. In agreement with a previous report^[@R21]^, we show that TPX2 is undetectable in oocytes in prophase and accumulates during maturation to MII ([Fig. 1](#F1){ref-type="fig"}). It has been proposed that the absence of TPX2 accumulation in prophase is due to protein degradation through APC/Cdh1^[@R21]^. Indeed, little change in Tpx2 mRNA translation occurs during the early phases of oocyte maturation, but the late TPX2 accumulation is associated with an increased translation^[@R22]^. Surprisingly, we found that TPX2 protein accumulation is not only dependent on the stage of the meiotic cell cycle. Significant differences in TPX2 protein levels were observed when comparing MII oocytes matured *in vivo* with those matured *in vitro* in association with somatic cells, or those matured *in vitro* after being denuded. This initial finding suggests that TPX2 accumulation is sensitive to the environment in which the oocyte matures.

Translation of TPX2 and other mRNAs in oocytes is sensitive to somatic cell cues {#S2}
================================================================================

To investigate whether cumulus cells, the somatic cells surrounding the oocyte, play a role in the translation of maternal mRNAs and protein synthesis, we developed an *in vitro* model that preserves the somatic environment in which the oocyte matures. Translational reporters were constructed and injected into oocytes still surrounded by cumulus cells (cumulus cell - enclosed oocyte, CEO) ([Fig. 2A,B](#F2){ref-type="fig"}). This model enables monitoring translation of selected maternal mRNA in oocytes that maintain contact with cumulus cells. Furthermore, translation rates in CEOs can be compared to those measured in denuded oocytes (DOs), which are no longer exposed to somatic signals.

Reporter constructs with luciferase ORFs under the control of 3'UTRs of Tpx2 or Dazl, an RNA binding protein essential for gametogenesis^[@R23]^, were injected into CEOs. Translation rates of these reporters increased as the oocytes progressed from GV to MII ([Fig. 2C](#F2){ref-type="fig"}), consistent with our report of recruitment of the corresponding endogenous transcripts to the polysomes^[@R22]^. However, translation in CEO is further increased by supplementing the incubation medium with amphiregulin (AREG), an EGF-like growth factor that accumulates physiologically in the follicle during ovulation^[@R22]^, or EGF itself ([Fig. 2C](#F2){ref-type="fig"}). Both ligands signal through EGF receptor (EGFR) on cumulus cells^[@R24]^ and are not expressed by oocytes in culture. Growth factor-induced effects were not detected when meiotic reentry was prevented with the phosphodiesterase inhibitor milrinone (Suppl. Fig 1), when a TPX2 reporter with truncated 3'UTR was injected (Suppl. Fig. 2), or when oocytes were denuded prior to stimulation ([Fig. 2C](#F2){ref-type="fig"}). These findings demonstrate that the 3' UTR , progression through meiosis, and somatic cells are all required for the growth factor-dependent stimulation. Exposure to AREG did not increase the stability of the reporter, confirming an effect on translation rate (Suppl. Fig. 1B).

Consistent with reporter translation, endogenous TPX2 and DAZL protein levels increased as oocytes mature ([Fig. 2D,E](#F2){ref-type="fig"}). AREG further enhanced these protein levels, confirming that increased translation of the reporter reflects translation of the endogenous mRNA and accumulation of the encoded protein. When incubated with AREG and in contact with somatic cells and AREG, a rise in oocyte protein synthesis was independently confirmed by monitoring accumulation of IL-7, an oocyte secreted chemokine, in the medium ([Fig. 2F](#F2){ref-type="fig"}).

To conclusively demonstrate that AREG does not directly stimulate the oocyte and that the signals are indirect and mediated by somatic cells, we used a genetic mouse model in which EGFR is down-regulated only in somatic cells. Mice carrying a null *Egfr* allele and a floxed allele (*Egfr*^Δ/fl^), and expressing a Cre recombinase under the control of the granulosa cell-specific CYP19A1 promoter^[@R25]^, display a 90% decrease in EGFR expression in granulosa cells^[@R13]^. Although LH-dependent *in vivo* oocyte maturation is impaired, *in vitro* spontaneous maturation progresses normally^[@R13]^. We used CEO derived from these mice to test whether *Egfr* gene inactivation in somatic cells ablates the AREG effects on oocyte translation *in vitro*. The experiment reported in [Fig. 2G](#F2){ref-type="fig"} demonstrates that AREG does not significantly increase translation rate of TPX2 reporter when CEO from Egfr^Δ/fl^: CYP19A1-Cre mice are microinjected.

Defective AREG production in vivo is associated with altered translation and compromised oocyte developmental competence {#S3}
========================================================================================================================

To determine whether this somatic effect on oocyte translation occurs also *in vivo* and whether global translation is affected, genetic mouse models perturbing the EGF network were investigated. We have reported that the EGF-like growth factors AREG, EREG and BTC are induced by LH at the time of ovulation and that transactivation of EGFR is indispensable for oocyte maturation and ovulation^[@R11],\ [@R13]^. Whereas inactivation of EGFR causes a block in oocyte maturation *in vivo* and defective ovulation^[@R11]^, Areg^−/−^ mice ovulate and are fertile^[@R11]^ but litter size is significantly decreased ([Fig. 3A](#F3){ref-type="fig"}). When fertilization rates were assessed *in vitro*, CEOs or denuded oocytes derived from Areg^−/−^ mice fertilize at a rate significantly lower than wild type (WT) littermates, suggesting a defect in developmental competence ([Fig. 3B and C](#F3){ref-type="fig"}). Identical to the Areg^−/−^ follicle activated *in vivo*, isolated CEOs from wild type mice cultured *in vitro* are not exposed to AREG. Therefore, the role of AREG in promoting cytoplasmic maturation was further tested by adding exogenous AREG during WT CEO *in vitro* maturation. This treatment improved their fertilization rate ([Fig.3D](#F3){ref-type="fig"}), a finding consistent with other studies demonstrating positive effects of EGF network on developmental competence^[@R26]-[@R28]^.

Defective spindle morphology was more frequently detected in MII oocytes derived from Areg^−/−^ mice ([Fig. 3E,F](#F3){ref-type="fig"}). Thus, inactivation of Areg in the somatic cells yields oocytes that mature but with signs of reduced developmental competence. Our model was then used to test whether the translational program executed during oocyte maturation is affected by the absence of this somatic signal. To capture actively translating mRNAs, polysomes were isolated by sucrose density gradient from WT and Areg^−/−^ oocytes. Maternal transcripts associated with the polysomes were isolated and analyzed by microarray hybridization ([Fig. 4](#F4){ref-type="fig"}). Consistent with our previous report, 3208 transcripts were recruited or released from the polysomes during oocyte maturation in wild type oocytes (Suppl. Files l and 2). A similar number of transcripts (3440) moved in and out of the polysome pool also in oocytes from Areg^−/−^ mice, confirming that the translation program is qualitatively intact. However, quantitative analysis revealed significant changes in the level of transcripts associated with polysomes in mutant oocytes. When using a cutoff of p\<0.05 ([Fig. 4A](#F4){ref-type="fig"}), polysome association of approximately 200-300 transcripts was altered in the Areg^−/−^ oocytes compared to WT ([Fig. 4B](#F4){ref-type="fig"}). Transcripts normally recruited to the polysome during maturation were decreased in the Areg^−/−^ oocytes ([Fig.4C](#F4){ref-type="fig"}). The affected transcripts included the main functional categories of metabolism, embryonic development, cell cycle and RNA regulators ([Fig. 4D](#F4){ref-type="fig"}). Analysis of the 3'UTRs affected in the Areg-/- oocytes did not reveal the presence of a common signature, with the possible exception of two consensus elements enriched in a subset of transcripts (Suppl. Fig. 3). We confirmed the decrease of selected transcripts in the polysome pool by qPCR ([Fig. 4E](#F4){ref-type="fig"}). Protein levels of DAZL and TPX2 in MII oocytes of the Areg^−/−^ mice were decreased ([Fig. 4F,G](#F4){ref-type="fig"}), which is consistent with the decreased recruitment of these mRNAs to the polysome *in vivo*. The absence of somatic AREG affected only a subset of transcript translation. Polysome recruitment of *Cyclin B1* and *Tex19.1*, two transcripts known to be highly regulated during oocyte maturation, were not affected in the Areg^−/−^ oocyte and were insensitive to AREG stimulation in the *in vitro* translation assay ([Fig.4H,I,J,K](#F4){ref-type="fig"}). Thus, somatic cell signals affect translation of a subset of maternal mRNAs *in vivo* and *in vitro*.

PI3K/AKT/mTOR signaling is involved in the somatic regulation of oocyte mRNA translation {#S4}
========================================================================================

Incubation of CEO with AREG caused a rapid increase in AKT phosphorylation indicative of activation of the PI3K pathway ([Fig. 5A,B](#F5){ref-type="fig"}). Surprisingly, we found that the time course of CEO activation is biphasic with a secondary increase in AKT phosphorylation detected at 120-180 min of incubation with AREG ([Fig. 5A,B](#F5){ref-type="fig"}). Because the delayed increase in AKT phosphorylation was reminiscent of the AKT phosphorylation detected in the oocyte 2-3 hrs after LH/hCG stimulation^[@R29],\ [@R30]^, we investigated whether this secondary increase takes place in the oocyte. CEOs were incubated in the presence of AREG; at the end of the incubation, the oocytes were denuded and used for Western Blot analysis ([Fig. 5C,D](#F5){ref-type="fig"}) or *in situ* detection by immunofluorescence (Suppl. Fig. 5). A delayed AKT phosphorylation was observed in oocytes exposed to AREG while still in complex with cumulus cells; conversely, this delayed phosphorylation could not be detected in denuded oocytes exposed to AREG ([Fig. 5C,D](#F5){ref-type="fig"} and Suppl. Fig. 5). Variable AKT phosphorylation was observed in oocytes within the first 30 min whether cultured as CEO or denuded ([Fig. 5D](#F5){ref-type="fig"}), a signal independent of AREG and likely caused by the mechanical denudation of the oocytes. These data suggest that AREG stimulation of CEOs causes a delayed transient increase in AKT phosphorylation in the oocyte. Pharmacological inhibition of PI3K with Wortmannin or LY 294002 blocked the AKT phosphorylation in oocytes when cultured in complex with cumulus cells in the presence of AREG for 2 hrs ([Fig. 5E](#F5){ref-type="fig"}). Under these conditions, the AREG-dependent increased translation of the TPX2 reporter was abolished, whereas the cell cycle-dependent increase in reporter translation was not affected ([Fig. 5F](#F5){ref-type="fig"}). Similar results were obtained with rapamycin ([Fig. 5G](#F5){ref-type="fig"} and Suppl. Fig. 6), an mTOR inhibitor^[@R31]^.

It should be noted that, in the experiments reported above, the pharmacological inhibitors used block the PI3K/AKT/mTOR pathway both in somatic cells and in the oocyte. To determine whether the PI3K pathway function is required in the oocyte, we used a genetic model to test whether disruption of this pathway exclusively in the oocyte is sufficient to block the AREG-dependent increase in translation. To this aim, we used cumulus/oocyte complexes from Pten^fl/fl^: ZP3-CRE mice. In this genetic model, the Cre recombinase is under the control of an oocyte-specific promoter and the *Pten* gene is ablated only in oocytes but not in cumulus cells. Previous data with this model show that Pten inactivation causes a constitutive increase in AKT phosphorylation^[@R32]^. In these oocytes, translation of the Tpx2 reporter is no longer dependent on AREG ([Fig. 5H](#F5){ref-type="fig"}). This latter finding confirms that an intact PI3K pathway in the oocyte is necessary to translate the AREG signal from the soma.

Discussion {#S5}
==========

Our findings demonstrate that translation of a subset of oocyte maternal mRNAs is under the control of somatic cell inputs acting through the PI3K/AKT/mTOR pathway. This regulation functions in concert with the translational control by meiotic cell cycle regulators and is involved in establishing the oocyte competence to successfully develop as embryos.

Our *in vivo* and *in vitro* data document that exposure of somatic cell/oocyte complexes to the EGF-like growth factor AREG causes an increase translation of a subset of maternal mRNAs in the oocyte. This activation requires cell-to-cell communication, as it is lost in denuded oocytes. The use of alleles affecting *Egfr* and PI3K signaling in the somatic and germ cell compartments respectively confirms that AREG action requires *Egfr* expression in the soma and an intact PI3K signaling in the oocyte. Thus, *Egfr* signaling in the somatic cellular compartment is translated into PI3K activation in the contiguous cell compartment, the oocyte. Given the critical role of EGFR signaling in tumor growth^[@R33],\ [@R34]^, it is possible that the signaling across cells described here is also necessary for communication of transformed cell with the surrounding cellular environment.

Growth factor regulation of translation via the PI3K/AKT/mTOR pathway is established for somatic cells^[@R35],\ [@R36]^. However, the molecular mechanism underlying the specific regulation of a subset of transcripts in growth factor-target cells remains controversial. Through target of rapamycin complex 1 (mTORC) the PI3K pathway converges on regulation of S6 ribosomal protein and eukaryotic initiation factor 4E (eIF4E), a key rate-limiting initiation factor for cap-dependent translation^[@R35],\ [@R37]^. 4E-binding protein 1 (4EBP1), one of the three 4EBP binding proteins expressed in mammals, is phosphorylated by mTORC1 causing the dissociation from eIF4E and the formation of an active initiation complex^[@R38]^. Transcripts sensitive to mTOR regulation have signature sequences at the 5' UTR, including a polypyrimide (5'TOP)^[@R39]^ or PRTE sequence^[@R40]^, but it is not clear whether these sequences are indispensable. The mechanism of translational regulation we describe in the oocyte is clearly distinct. 5'TOP or PRTE sequences are not readily discernible in the 5' UTR of the prototype transcripts we have investigated in the oocyte. A selective activation is retained when different luciferase reporters are injected in oocytes, even though they have an identical 5' UTR sequence. Conversely, the 3' UTR of these mRNAs is essential because TPX2 3'UTR reporter recapitulates this regulation whereas the 3'UTR of, for instance, cyclin B does not support this regulation. Elements present in the 3' UTR are necessary because a truncated TPX2 3'UTR is not sensitive to somatic cell signals. An additional feature that distinguishes the effects we describe in the oocyte from those in somatic cells is that none of the oocyte targets of regulation identified are ribosomal proteins, whereas many of the growth factor targets in somatic cells are ribosomal proteins^[@R41]^. On the contrary, the regulation we describe takes place on a background of widespread destabilization and decreased translation of mRNAs coding for ribosomal proteins^[@R22],\ [@R42]^. The pharmacological and genetic analyses performed indicate that the AKT/mTOR pathway is required for the AREG-depended translational regulation in the oocyte. We propose that mTOR signaling in oocytes controls translation via unique mechanisms that target the 3'UTR ([Fig. 6](#F6){ref-type="fig"}). The possible role of the 5'UTR in this growth factor-dependent regulation remains to be determined.

Correct mRNA translation and accumulation of corresponding proteins in the oocyte is critical for efficient meiotic cell cycle progression, fertilization, and embryo development and necessary to attain full developmental potential. Our findings provide a molecular explanation for the widely reported observation that fully grown oocytes dissociated from the surrounding somatic cells may complete nuclear maturation but are defective in fertilization and embryo development^[@R4],\ [@R6],\ [@R26]^. Our findings support the idea that components required for maturation, fertilization and embryo development reach optimal levels when oocyte-somatic cell communication is preserved. In the absence of somatic cells, these components accumulate at levels sufficient for cell cycle progression but robustness and stability of the oocyte machinery is compromised, with meiosis becoming prone to errors. This conclusion is supported by our observation that TPX2, a key component in spindle assembly^[@R21]^, accumulates significantly less in the absence of somatic input, and spindle defects become more frequent in MII oocytes. In the same vein, decreased accumulation of Dazl, which may function upstream of TPX2^[@R22]^, likely destabilizes the network of RNA binding protein required for maturation and embryo development. Thus, correct execution of the program of maternal mRNA translation and somatic inputs are essential for oocyte developmental competence. As an extension of this concept, biomarkers monitoring this program, such as secreted proteins, should be of prognostic value for the "fitness" of an oocyte to develop into an embryo that successfully implants and sustains pregnancy to term.
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![The protein levels of the spindle component TPX2 is dependent on the environment in which the oocyte matures\
Representative and cumulative data of Western blots of TPX2 protein in GV and MII oocytes matured *in vivo*, or *in vitro* matured in complex with cumulus cells (CEO), or when denuded prior to maturation *in vitro* (DO). Tubulin was used as loading control. The bar graph is the summary of densitometric measurements (mean ± SEM) of Western blots done with four different oocyte extracts prepared on different days. Data are presented as ratio of TPX2/ Tubulin intensity (see Supplementary Table S3 for statistics source data). Paired T test: \* p=0.013 MII DO versus MII *in vivo*.\*\* p=0.0022 CEO MII versus MII *in vivo*. MII DO versus CEO MII not significant (p= 0.316).](nihms-529580-f0001){#F1}

![EGF-like growth factor stimulation of cumulus/oocyte complexes *in vitro* increases translation in oocytes\
**A.** Scheme describing the experimental conditions to measure translation rates in cumulus enclosed oocytes (CEO). Oocytes still in complex with cumulus cells were injected with two reporters, one coding for the renilla luciferase under the control of maternal mRNA (Tpx2 or Dazl) 3'UTR and one coding for the firefly luciferase with polyadenylated 3' UTR. After three hours of incubation in the presence of milrinone to maintain the meiotic arrest, a group of injected CEO was washed free of inhibitor and incubated with or without EGF-like growth factors. In some experiments, an additional group of CEOs was mechanically denuded and oocytes incubated with growth factors as above. At the end of the incubation, oocytes were dissected free of cumulus cells and luciferase activity was measured in oocyte extracts. **B.** Expression of GFP in CEOs after microinjection documenting the accuracy of the injection and confinement of the fluorescence to the oocyte. **C.** Ratio of renilla/firefly luciferase activity in oocytes cultured as CEO or denuded incubated with or without AREG (100nM) or EGF (10nM). Each bar is the ratio of MII/GV activities and mean ± SEM of 6 experiments for TPX2 and 4 experiments for Dazl. T test: \* p\<0.05; \*\* p\<0.01; \*\*\* p\<0.001 vs MII. **D,E.** CEO were incubated as in C and at the end of the incubation, oocytes were denuded, and extracts were used to evaluate endogenous Dazl and TPX2 protein levels by Western Blot. Tubulin was used as loading control. The bar graph is the summary of densitometric measurements (mean ± SEM) of 5 Western blots for TPX2 and 6 for Dazl done with different oocyte extracts. T test: \* p\<0.05 vs GV; \*\* p\<0.01 vs MII; \# p\<0.05 vs MII. **F.** Bars represent the mean ± SEM of 4 experiments where IL-7 accumulation was measured in spent media of CEO cultured as in C with or without AREG. T test: \*\* p\<0.01 vs MII. **G** CEO were prepared from PMSG-treated Egfr^flfl^ , Egfr^Δ/fl^, or Egfr^Δ/fl^:Cyp19 CRE mice. They were then injected with a Tpx2 luciferase reporter and incubated as detailed in panel A in the absence or presence of AREG. At the end of the incubation, oocytes were dissected free of cumulus cells and luciferase activity was measured in oocyte extracts. The data from Egfr^flfl^ and Egfr^Δ/fl^ groups gave similar results and were combined. Data are the mean ± SEM of 4 independent experiments. Paired T test: \* p=0.018 MII+AREG vs MII of Egfr^flfl^ /Egfr^Δ/fl^ ; NS = 0.78 MII+AREG vs MII of Egfr^Δ/fl^:Cyp19 CRE; p=0.033 MII+ AREG of Egfr^flfl^ vs MII+AREG of Egfr^Δ/fl^:Cyp19 CRE. See Supplementary Table S3 for statistics source data](nihms-529580-f0002){#F2}

![Compromised developmental competence of oocytes from Areg^−/−^mice\
**A**. Summary of offspring from mating of wild type, Areg ^+/−^, and Areg^−/−^ mice. The number of litters is reported below the scatterplot. T test: \*\*\*\* p\<0.0001 vs. WT. **B.** Bars represent the mean ± SEM of the two cell-embryo yield after *in vitro* fertilization (IVF) using CEOs from super-ovulated wild type and Areg^−/−^ mice. T test: \*\*\* p\<0.0001 vs. WT. The number of IVF experiments performed is reported below the bars. The number in parenthesis indicates the number mice used. **C.** After superovulation, a group of MII CEOs was stripped of cumulus cells and used for IVF. Bars represent the mean ± SEM of two cell-embryo yield. T test: \*\*\* p\<0.001 vs. WT. The number of IVF experiment performed is reported below the bars. **D.** Bars represent the mean ± SEM of two cell embryo yield of wild type CEOs harvested from PMSG treated mice, cultured *in vitro* in the absence or presence of AREG for 12 hr until they had reached the MII stage and then used for IVF. T test:\* p\<0.05 vs. WT. **E.** Representative spindles from wild type and MII Areg^−/−^ oocytes derived from superovulated CEO. Bar corresponds to 10 μm. **F.** Incidence of aberrant spindle formation n WT and Areg^−/−^ oocytes; Bars represent the mean ± SEM of 3 experiments. paired T test: \* p\<0.05 vs. WT. See Supplementary Table S3 for statistics source data.](nihms-529580-f0003){#F3}

![Altered mRNA translation of a subgroup of maternal mRNAs in Areg^−/−^\
**oocytes**. **A,B.** Analysis of polysome-associated transcripts in wild type and Areg^−/−^ MII oocytes. Three distinct pools of 500-750 oocytes from wild type and Areg^−/−^ mice were used for the analysis. The actual data are reported in Supplemental Tables1 and 2. **C.** Comparison of hybridization data and qPCR of total and polysome-bound distribution of selected transcripts; T test p \<0.05 from three distinct mRNA preparations. **D.** Comparison of recruitment to the polysome of most downregulated transcripts in Areg-/-oocytes. The ratio MII/GV was calculated for the top 31 transcripts whose levels were most significantly different in polysomes from MII Areg^−/−^ oocytes compared to WT MII. Data are reported as Mean ± SE intensity for three biological replicates. Actual data and statistics are reported in Table 1 and 2. Of note, many of the transcripts downregulated in the Areg^−/−^ are recruited to the polysome during the GV-to-MII transition. **E.** Gene Ontology analysis of transcripts significantly different in WT and Areg^−/−^ oocytes. Transcripts recovered at levels significantly different in the polysomes (p\<0.05) and with WT/Areg^−/−^ ratio of at least 1.5 were included in the analysis. Enriched Gene Ontology terms were discovered using DAVID (see methods for details). **F,G.** comparison of TPX2 and Dazl levels in wild type and Areg-/- super-ovulated MII oocytes. The bars are the mean ± SEM of densitometric analysis of 5 Western blots for TPX2 and 4 Western blots for Dazl proteins don on different groups of oocytes. T test: \* p\<0.05 vs. WT. **H.** Bars represent the mean ± SEM of polysome associated *Cyclin B1* mRNA in wild type and Areg^−/−^ oocytes. **G.** *In vitro* translation of cyclin B1 3' UTR reporter in CEO cultured with or without AREG. Bars represent the mean ± SEM of 3 distinct experiments with different pools of CEOs. **J.** Bars represent the mean ± SEM of polysome associated *Tex19.1* mRNA in wild type and Areg^−/−^ oocytes. **K.** *In vitro* translation of the Tex19.1 3' UTR reporter in CEO cultured with or without AREG. Bars are the mean ± SEM of 3 separate experiments. In experiments reported in panel H-K, no statistical difference could be observed between the WT and Areg^−/−^ groups. See Supplementary Table S3 for statistics source data.](nihms-529580-f0004){#F4}

![PI3K/AKT/mTOR signaling is involved in the somatic regulation of oocyte mRNA translation\
**A.** Representative Western blot of the time course of AKT Ser473 phosphorylation in CEOs incubated with AREG for different times. Extracts from total CEOs were used for the Western blot. **B.** Densitometric analysis of AKT Ser473 phosphorylation at different times after AREG exposure. Total CEO extracts were used for these measurements. Each point is the mean ± SEM of 3 different experiments. \* T test: p\<0.05 and \*\* p\<0.01 vs zero time point. **C.** Representative Western blot of AKT Ser473 phosphorylation measured in oocyte extracts after stimulation when still in complex with cumulus cells (CEOs) or after denudation (DO). **D.** Densitometric analysis of AKT Ser473 phosphorylation measured in oocytes incubated with or without AREG when still in complex with cumulus cells (CEO) or after denudation. Each point is the mean ± SEM of 3 different experiments. T test: \* p\<0.05 and \*\* p\<0.01 vs DO groups. Of note, phosphorylation of AKT at 0 and 30 min was highly variable. Although not significant, this trend to an increase in S473 phosphorylation at 30 min is likely due to mechanical stress due to manipulation of the oocytes during denudation. This increase is observed whether oocytes are derived from CEO or are incubated as denuded oocytes in the absence or presence of AREG. **E,F.** The AREG dependent activation of translation of the TPX2 reporter is prevented by PI3K inhibitors (LY294002 and Wortmannin) which block AKT phosphorylation in the oocyte. After microinjection of the TPX2 reporter, CEO were preincubated with inhibitors for 30 min and then incubated with or without AREG for 2 additional hrs. At the end of the incubation, oocytes were freed of cumulus cells and used for Western blot analysis (E). For luciferase assays (F), CEOs were incubated overnight. All oocytes used in the luciferase assays had reached the MII stage as indicated by the presence of polar body. Data are the mean ± SEM of 4 independent experiments. T test: \*\*\*\* p\<0.0001 and \*\* p\<0.01 . **G.** Effect of the mTOR inhibitor rapamycin on the AREG-dependent increase in TPX2 reporter translation. Data are the mean ± SEM of 4 independent experiments. T test:\* p\<0.05 vs. AREG. **H.** Intact PI3K signaling in the oocyte is necessary for the AREG-dependent increase in Tpx2 reporter translation. CEOs were derived from Pten^fl/fl^: *Zp3*-CRE mice, where *Pten* gene is deleted only in the oocytes, and Pten^fl/fl^ littermates which behave as wild type mice. The incubation and the luciferase assay were conducted as detailed in [Fig 2](#F2){ref-type="fig"}. Each point is the mean ± SEM of 3 experiments conducted in different days. T test: \*\* p=0.009 Pten^fl/fl^ MII+AREG vs MII; NS (not significant) Pten^fl/fl^: *Zp3*-CRE MII+AREG vs MII. See Supplementary Table S3 for statistics source data.](nihms-529580-f0005){#F5}

![Model of the signaling pathways involved in somatic cell control of oocyte translation\
Cumulus cells are represented as green squares with a blue nucleus. An MII oocyte is schematically represented with a spindle and a polar body. EGFR dimers are represented by green/red symbols. EGF-like growth factors released from mural granulosa cells interact with EGFRs expressed on cumulus cells and cause activation on undefined signaling pathway/s across the cumulus/oocyte plasma membrane. These signals lead to PI3K activation in the oocyte. The resulting phosphorylation of AKT and mTOR activation in oocytes leads to an increase in translation of a subset of maternal mRNAs.](nihms-529580-f0006){#F6}
